Aim-To compare patient triggered, with conventional fast rate, ventilation in a randomised controlled trial using the incidence of chronic lung disease as the primary outcome measure. Methods-Three hundred and eighty six preterm infants with birthweights from 1000 to 2000 g, and requiring ventilation for respiratory distress syndrome within 24 hours of birth, were randomised to receive either conventional or trigger ventilation with the SLE 2000 ventilator. Results-There were no significant diVerences in the incidence of chronic lung disease (28 day and 36 week definitions), death, pneumothorax, intraventricular haemorrhage, number of ventilator days, or length of oxygen dependency between groups. Conclusions-Patient triggered ventilation in preterm infants with respiratory distress syndrome is feasible. No significant diVerences, when compared with conventional fast rate ventilation in important medium and longer term outcome measures, were evident. (Arch Dis Child Fetal Neonatal Ed 2000;82:F14-F18) 
Despite advances in neonatal practice, mechanical ventilation of infants with respiratory distress syndrome (RDS) may result in the occurrence of a pneumothorax, a factor implicated in the pathogenesis of intraventricular haemorrhage, 1 2 or the development of chronic lung disease of prematurity (CLD). 1 3 It has been suggested that the use of faster ventilator rates (60-100 breaths/minute) may reduce the incidence of these complications by synchronising the baby's own respiratory rate with that of the ventilator, preventing the infant expiring during the inspiratory phase of the ventilation cycle. [4] [5] [6] An alternative method of synchronising the mechanical ventilator with the infant's own respiratory rate is by using phase and rate matched patient triggered ventilation. 7 This has been technically possible for several years, owing to the availability of airway pressure or flow sensors that ensure a short trigger response time of the ventilator. 8 9 Allowing the infant to trigger a proportion of breaths may also reduce the work of breathing, improve oxygenation, and increase tidal volume. [10] [11] [12] The SLE 2000 ventilator is a valveless jet ventilator that operates at an airflow of 5 litres/minute and is capable of inflating the airways in conventional or trigger mode. 13 Although there are theoretical and potential short term benefits to patient triggered ventilation, 7 few studies have so far shown any longer term outcome advantages. A study from Plymouth reported the feasibility of using triggered ventilation in 68 infants with RDS.
14 In this study the authors reported successful treatment with trigger ventilation with no obvious increase in adverse outcomes and a low pneumothorax rate. A more recent, larger study compared synchronised intermittent mandatory ventilation (SIMV), in which many of the infants breaths were triggered, with conventional ventilation in a heterogeneous group of 327 infants. 15 The results of this study suggested that duration of ventilation and possibly length of oxygen dependency might be reduced in certain birthweight specific groups by using SIMV. Preliminary data from a large, multicentre, randomised comparative trial of patient triggered ventilation and intermittent mandatory ventilation in which a variety of ventilator types were used has been presented. 16 It suggested, however, no significant diVerences in important outcomes such as CLD, duration of ventilation, and pneumothorax rate, although complete data are as yet unavailable. There has been no other direct comparison between trigger ventilation and conventional ventilation with respect to medium or longer term outcomes.
This study aimed to perform a prospective, randomised controlled trial comparing a ventilation strategy of trigger ventilation with that of synchronised fast rate conventional ventilation in infants receiving mechanical ventilation for RDS. The primary outcome measure was the incidence of CLD, arguably the most important respiratory outcome of modern neonatal intensive care.
Methods
The study was performed between April 1993 and October 1998 at the Mersey Regional Neonatal Intensive Care Unit at the Liverpool Women's Hospital (formerly Liverpool Maternity Hospital), Fazakerley Maternity Hospital (25 infants), and Arrowe Park Hospital, Wirral (12 infants). The local research ethics committees of each hospital approved the study.
All infants weighing from 1000 to 2000 g at birth who received mechanical ventilation within 24 hours of birth with a diagnosis of RDS were eligible for inclusion in the study. Respiratory distress syndrome was defined clinically in one of two ways: in an infant not ventilated from birth when, within the first 4 hours, there was sternal retraction, intercostal and subcostal recession, grunting, tachypnoea, hypercapnia and an oxygen requirement above that of room air and a diVuse opacification on the chest radiograph with or without an air bronchogram; in any other infant who at birth had, in the opinion of the attending clinician, suYcient respiratory distress to require intubation and surfactant treatment.
Infants with meconium aspiration syndrome, major malformations, or congenital heart disease were excluded from the study. TREATMENT 
ALLOCATION
Once the decision had been made to institute mechanical ventilation, signed parental consent was obtained and the infant's name, unit number, and birthweight were recorded on a standard proforma. Randomisation to the two ventilation strategies was carried out using a computer generated sequence hidden in sequentially numbered, sealed, opaque envelopes. Infants were stratified during randomisation by birthweight (1000 to 1500 g, and 1501 to 2000 g). Study design was such as to preclude crossover of treatment strategy. An SLE 2000 ventilator was used for both arms of the study for the entire duration of the study. TREATMENT 
SCHEDULES
After randomisation, the intrinsic respiratory rate of the infant was counted over 30 seconds while the infant was receiving continuous positive airway pressure. In the conventional group, the ventilator rate in breaths/minute was set at, or greater than, the infant's own respiratory rate. In the triggered group the ventilator was switched to trigger mode on the highest sensitivity and a backup rate was set at 20 breaths less than the infant's intrinsic respiratory rate. A rate of 60 breaths/minute was set for both groups if the infant was apnoeic. For both ventilatory modalities, the initial inspiratory to expiratory ratio was 1 to 1 and the inspiratory time set between 0.3 and 0.5 seconds. Peak inspiratory pressure was set between 18 and 24 cm H 2 O, depending on the size of the baby and chest wall movement, and a positive end expiratory pressure of 4 cm H 2 O was set. The initial inspired oxygen concentration (FI0 2 ) was that which provided adequate arterial oxygenation. Inspiratory and expiratory pressures, together with FI0 2 , were altered at the discretion of the attending clinician in line with blood gases. Throughout the period of ventilation, parameters were set to maintain arterial oxygen tension between 6.67 and 10 kPa and arterial carbon dioxide tension between 4.67 and 6.0 kPa.
In the conventional treatment arm, attempts were made to maintain the ventilator rate to at least that of the infants' respiratory rate. If the infant was constantly expiring during the inspiratory part of the ventilator cycle and there was no improvement in oxygenation a neuromuscular paralysing agent (pancuronium) was administered. This was stopped when the infant was weaned to around 30 breaths/minute or to an inspiratory pressure of 20 cm H2O, or earlier if the physician in charge considered that excessive fluid retention was occurring. The infant was initially weaned from the ventilator by gradually decreasing the peak inspiratory pressure to 12 cm H 2 O if tolerated, or the lowest pressure attainable above 12 cm H2O which did not result in deterioration of blood gases. The ventilatory rate was then reduced, keeping the inspiratory time between 0.3 and 0.5 seconds.
In the triggered ventilation arm of the study, as in the conventional arm, the infant was initially weaned from the ventilator by gradually decreasing the peak inspiratory pressure down to 12 cm H 2 O if tolerated or the lowest pressure attainable above 12 cm H 2 O, which did not result in deterioration on blood gases. The triggering rate was then weaned using the SIMV mode on the ventilator, starting at an SIMV rate of 20 breaths per minute, keeping the inspiratory time between 0.3 to 0.5 seconds.
Infants in both groups were extubated from a rate of between 5 and 10 breaths/minute. Nasal continuous positive airway pressure either prior to intubation or post extubation was not employed in either ventilatory group.
OUTCOME DEFINITIONS AND TREATMENT POLICIES
Chronic lung disease was defined in two ways: dependency on supplemental oxygen to maintain oxygen saturations at 94% or above at 28 postnatal days; and dependency on supplemental oxygen to maintain oxygen saturations at 94% or above at 36 postmenstrual weeks. Pneumothorax was defined as intrathoracic, extra-pulmonary airleak necessitating the insertion of a chest drain. It is the unit's practice to confirm the presence of a patent ductus by Doppler echocardiography before treatment with indomethacin or surgery if this is unsuccessful. Cerebral ultrasound scanning was performed routinely in all infants and the worst grade of intraventricular haemorrhage, together with the presence or absence of periventricular leucomalacia recorded. Intraventricular haemorrhage was defined as follows: grade I echodensity confined to the subependymal region; grade II echodensity extending into the cerebral ventricles, but not the surrounding parenchyma with or without ventricular dilatation; grade III (severe) echodensity extending into the cerebral parenchyma which persisted and resulted in cyst formation.
During the entire period of study, exogenous surfactant treatment was in routine use and it was the policy of the units to administer morphine routinely (infusion or on an as required basis at the discretion of the attending physician) to all preterm infants requiring intubation and mechanical ventilation during the acute phase of their illness. This was in an attempt to reduce agitation, discomfort, and fighting the ventilator, and was withdrawn in the final stage of weaning. Methylxanthines (aminophylline, theophylline, and latterly caVeine) were used throughout the study period in accordance with unit guidelines in all infants less than 35 weeks of gestation at risk of apnoea of prematurity. This was begun in the final phase of weaning when the breaths/ minute were approximately 20/minute.
STATISTICAL CONSIDERATIONS
The incidence of CLD (supplementary oxygen requirement at 28 days) between 1991 and 1993 at Liverpool Maternity Hospital in infants weighing from 1000 to 2000 g who received mechanical ventilation was around 20%. It was calculated that to detect a 50% reduction in the incidence of CLD ( 0.05, = 0.2) 193 infants would be required in each treatment group. Statistical analyses including 2 test, Mann Whitney U test, odds ratio (OR) and 95% confidence intervals (95% CI) were performed using the Arcus Quickstat Biomedical Version 1.0 statistical package.
Results
Three hundred and eighty six infants were enrolled in the study; 193 were randomly allocated to conventional ventilation and 193 to patient triggered ventilation. The median time of entry into the study was 2 hours (range 0-24 hours) for the conventional group and 2 hours (range 0-24 hours) for the trigger group. Table 3 shows secondary outcome measures for each group. None of these diVerences was significant. Among survivors, the median number of days of continuous ventilation for the conventional group was four days (range 1 to 150) and the triggered group three days (range 1 to 42; p=0.19). The median number of days among survivors who required supplemental oxygen was five (range 0-150) in the conventional arm and four days (range 0-159) in the triggered arm (p=0.30).
The incidence of patent ductus arteriosus requiring treatment with indomethacin and/or surgical ligation is shown in table 4. Although the requirement for individual treatments alone showed no significance diVerence between groups, the incidence of patent ductus requiring indomethacin and/or ligation was higher in the conventional group for both survivors (p=0.047) and the whole population of infants (p=0.04).
Twenty five infants (13%) in the trigger group were deemed by the supervising clinician to have failed on this mode of ventilation and changed to an alternative mode of ventilation. Twenty four of these received conventional ventilation and one high frequency oscillatory ventilation. No other infant in the trial received high frequency oscillation. Reasons for failing were: persisting severe respiratory acidosis or inadequate oxygenation requiring high peak inspiratory pressure and/or paralysis (14 infants); poor respiratory eVort and/or need for bag and mask resuscitation for desaturating episodes (4 infants); specific reason for clinician changing not apparent (9 infants). There was a significant diVerence in the median gestational age of those failing on trigger compared to those not failing (trigger failures 28 weeks, range 26-32; non-failures 29 weeks, range 25-36; p=0.02). This was not the case for the median birthweight between failed and non-failed trigger infants (trigger failures 1246 g, range 1000-1988 g; non failures 1343 g, range 1000-1997 g; p=0.24).
The median gestational age of all those dying was significantly lower than those surviving (dying 28 weeks, range 26-34 weeks; surviving 
Discussion
We have presented a large randomised controlled trial comparing the medium and longer term outcomes of two diVerent strategies of ventilation for preterm infants with RDSpatient triggered ventilation and conventional fast rate ventilation. Both strategies aim to ensure synchrony of the infants breathing with the ventilator breaths. This was a pragmatic clinical trial: randomised infants were therefore analysed on an intention to treat basis and no crossover was allowed, although a small number of infants randomised to trigger were eventually ventilated according to standard guidelines, usually fast rate conventional ventilation.
Importantly, a single ventilator was used for both arms of the trial across all three units. Although infants weighing under 1000 g have been reported to successfully generate triggered breaths with the SLE 2000, 14 other work, 7 together with our own experience, has suggested that these infants may not do this consistently, leading to most breaths being provided by the mandatory backup rate. Infants weighing more than 2000 g are at lower risk of CLD. 3 For these reasons we randomised only infants weighing from 1000 to 2000 g at birth.
The diVerence in incidence of CLD between groups (our primary outcome measure) was not significant, using either definition of oxygen dependency-28 postnatal days or 36 postmenstrual weeks. Our sample size calculation, looking for a 50% reduction in this outcome, allowed a large yet locally manageable study to be performed. Local practice was therefore consistent between contributing units. A smaller, perhaps clinically important diVerence of, for example, 20% reduction in incidence of CLD, would have required a sample size of almost 3000 infants based on our historical incidence. Preliminary data from a four year, international, multicentre comparative trial recruited considerably fewer than this (927 infants). 16 It is extremely unlikely that the diVerence in incidence of oxygen dependency at 36 weeks of postmenstrual age between our treatment groups would become significant even if considerably more babies had been recruited (sample size around 7500 infants). DiVerences requiring a sample size of this magnitude may only be shown to be significant using meta-analysis. Confidence intervals for this and the other outcome measures allow us to be aware of the range of diVerence that can be excluded by our study. Chronic lung disease (oxygen requirement at 36 weeks) showed a conventional to trigger odds ratio of 0.85 with 95% confidence intervals 0.53 to 1.37. Although we can not say the two strategies will have exactly the same incidence of CLD, it is unlikely that conventional ventilation causes an increase in CLD of more than 37% or that it causes a decrease of more than 47%.
The sample size for the trial was estimated on the previous two years' experience of the incidence of CLD in babies of the same weight range (1000-2000 g) who were to be studied. The actual incidence of CLD in both arms of the trial was somewhat higher than this indicating the diYculties inherent in estimating sample sizes based on historical data.
This was a clinical study aimed to provide information that might enable guidelines to be optimised for neonatal ventilation. We therefore used a clinical definition of RDS that was easily applied and likely to be accepted in most units. In both treatment groups the inspiratory time was maintained between 0.3-0.5 seconds which provided an adequate tidal volume, but reduced the possibility of the infant expiring against the inspiratory phase of the ventilatory cycle. 7 We chose a priori to wean the trigger infants using the SIMV mode. Other workers have weaned their infants receiving trigger ventilation by reducing the peak inspiratory pressure down to 8 cm H 2 O.
14 Our experience of this approach has not been successful, the lower peak inspiratory pressure used being associated with a deterioration of blood gases. The advantage of using SIMV mode during the weaning phase permits progressive reduction in the rate of ventilator support right up to the point of extubation 7 and initial studies confirmed no marked diVerence between these regimens. 17 We therefore empirically decided to use the SIMV mode for weaning. More recent work comparing weaning using patient triggered ventilation with SIMV in 20 infants showed no significant diVerences in duration of weaning and failure of weaning for an SIMV rate down to 20 breaths/minute. However, it did indicate there might be a shorter duration of weaning for those receiving patient triggered ventilation compared with SIMV when the SIMV rate was reduced to 5 to 10 breaths/minute. 18 A recent review of the patient triggered ventilation, however, suggests the best mode for weaning during patient triggered ventilation remains unresolved. 19 Our patient groups were well matched for sex, gestational age, birthweight and use of antenatal steroids. Treatment with surfactant, diuretics and postnatal steroids were similar between groups, as was the incidence of sepsis. The number of infants in the conventional arm that were paralysed was low compared with a previous study from one of the units involved in the trial. 6 This probably reflects nursing and medical staV being more comfortable with the conventional faster rate ventilation in more recent years. The incidence of pneumothorax in each group was the same and is similar to the incidence of pneumothorax previously reported from Liverpool Maternity Hospital in the post surfactant era. 6 This incidence seems to be greater than that in the previous descriptive study of trigger ventilation.
14 However, several infants in the latter study sustained a pneumothorax before receiving mechanical ventilation and if these are included in the overall figures in this study the incidence of pneumothorax is similar to ours. The incidence of patent ductus arteriosus receiving treatment with indomethacin or ligation was higher in the conventional group. There is no clear explanation for this. Increased hypoxia in the conventional group might have predisposed them to a higher risk of patent ductus arteriosus, although length of ventilation in each group and length of oxygen dependency were similar.
We were not able to support the suggestion from a previous study that trigger ventilation reduces the length of oxygen dependency, or duration of ventilation. 15 None of our infants received trigger ventilation from birth, although all did within the first 24 hours. It might be argued that starting trigger ventilation earlier could have reduced the risk of pneumothorax and possibly CLD. Our study is unable to answer this, but we feel an eVect on these outcomes is unlikely, as the median time of entry into the study was two hours.
Infants receiving trigger ventilation, although deemed by the attending clinician to have failed for various reasons, showed a significantly lower median gestational age than the non-failure infants. This is despite them having a birthweight of 1000 g or greater and supports data that suggest gestational age could be an important determinant in selecting infants for trigger ventilation. 20 There was not, however, a significant diVerence in gestational age or birthweight between those dying and those surviving within either the conventional or trigger group.
In conclusion, we have shown the feasibility of ventilating preterm infants with RDS using patient triggered ventilation. No significant diVerences in important medium to longer term outcome measures were shown when comparing it with conventional fast rate ventilation. A much larger study is necessary to detect smaller diVerences in these outcomes.
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